Sexual maturation and differentiation of the rat brain are believed to result from the interaction of gonadal steroids with specific neural receptors during late fetal and early postnatal life.
Sexual maturation
and differentiation of the rat brain are believed to result from the interaction of gonadal steroids with specific neural receptors during late fetal and early postnatal life. A variety of evidence indicates that the first appearance of estrogen receptors in the hypothalamuspreoptic area (HPOA) during the perinatal period is a crucial evident underlying these processes. However, it is unknown to what extent the ontogeny of estrogen receptors is itself influenced by gonadal steroids present in the fetal environment. In order to address this question, estrogen receptors were assayed in HPOA 8 weeks after transplantation of the tissue from embryonic day 15 to 18 fetuses to either the choroidal pia overlying the superior colliculus or to the anterior chamber of the eye of adult female hosts. Host animals were either intact or ovariectomized and adrenalectomized, with or without estrogen replacement.
The saturable binding of estradiol to cytosol of HPOA transplants exhibited the steroid specificity and high affinity characteristic of authentic estrogen receptors.
No differences in the level of cytosol estrogen receptors in transplanted HPOA grown in the presence or absence of gonadal steroids were found. Receptor concentrations were also similar in HPOA taken from male or female fetuses. Autoradiography with [3H] estradiol revealed clusters of estrophilic cells in the transplants similar to those of the adult host hypothalamus, again regardless of whether the transplant developed in the presence of gonadal steroids. Estrogen receptors from both groups were also found to be biochemically functional as indicated by the ability of acute estrogen treatment to induce progestin receptors in the transplants. These data indicate that estrogen receptors develop in the HPOA of both sexes independently of the gonadal steroid environment.
This finding suggests that the capacity for responding to gonadal steroids is inherent in the developing HPOA, consistent with the hypothesis that fetal testicular secretions activate a pre-existing neural mechanism to induce sexual differentiation of the brain.
The sexual differentiation of the rodent brain depends upon its ability to respond to estrogens during the late fetal and early postnatal period. Although androgen secretion by the developing testes results in both defeminization (decreased propensity for female sexual behavior and induction of acyclic gonadotropin secre-tion) and masculinization (increased propensity for male sexual and aggressive behaviors) of the male brain (Beach, 1975) several lines of evidence suggest that androgens must first be converted to estrogens in order for complete sexual differentiation to occur. Enzymatic conversion of androgens to estrogens (aromatization) by fetal and neonatal rat brain has been demonstrated both in vitro (Reddy et al., 1974; Weisz et al., 1982) and in vivo (Weisz and Gibbs, 1974; Lieberburg and McEwen, 1975) . indeed, the highest levels of neural aromatase activity at any period of life are found in the preoptic area at embryonic day 19 (El9) (George and Ojeda, 1982; Weisz et al., 1982) . Implants of either estrogens or aromatizable androgens directly into the neonatal brain are capable of inducing sexual differentiation (Christensen and Gorski, 1978) whereas androgens such as dihydrotestosterone, which cannot be aromatized, are much less effective (Plapinger and McEwen, 1978) . Finally, treatment with either inhibitors of aromatization (Booth, 1977; McEwen et al., 1977; Vreeburg et al., 1977) or an estrogen receptor antagonist (McEwen et al., 1979) blocks the defeminizing effects of androgens in newborn rats. Thus, occupation of neural estrogen receptors by aromatized androgens is thought to play an essential role in brain sexual differentiation.
The ontogeny of neural estrogen receptors is also consistent with their involvement in sexual differentiation. Estrogen receptors are first detected in the fetal hypothalamus-preoptic area (HPOA) and amygdala during the last week of pregnancy, between El5 (Vito and Fox, 1982) and E21 (MacLusky et al., 1979a) . Although there is disagreement over the precise age of their first appearance, it is clear that the number of receptors in limbic structures increases dramatically from E21 throughout the first postnatal week (MacLusky et al., 1979a) , coinciding with the critical period for defeminization (Barraclough and Gorski, 1962) . Furthermore, significant numbers of receptors are found translocated into cell nuclei in limbic tissues of male rats as early as E21 (MacLusky et al., 1979a) . Translocated receptor complexes are 5-fold lower in female embryos at this age, and this sex difference is consistent with the hypothesis that aromatization of circulating androgens is the principal source of estrogens occupying neural receptors in the perinatal period.
These findings indicate that knowledge of the factors which influence the first appearance of neural estrogen receptors is required for a thorough understanding of brain sexual maturation and differentiation. The present study was undertaken to determine ' A one-factor analysis of variance revealed that receptor levels were not affected by either the endocrine status of the host (F = 0.60; df = 2/24, p = 0.56). There was also no difference between overall levels from male versus female donors (see "Results") in the fetal HPOA is dependent upon the presence of gonadal steroids, particularly estrogens themselves. Fetal brain is exposed to a complex variety of steroid hormones, produced by maternal as well as fetal glands (Milkovic et al., 1973; Chatelain et al., 1980; Weisz and Ward, 1980) . It is therefore necessary to remove embryonic brain tissue from the fetus in order for it to mature in a controlled hormonal environment. We have shown previously that fetal rat HPOA will survive and differentiate following transplantation to a site prepared on the choroidal pia of adult hosts and that cells in the transplanted tissue develop the capacity to sequester [3H]estradiol (Stenevi et al., 1980) . In the present study we have used the fetal transplant technique to investigate the influence of gonadal steroids on the development of specific estrogen and progestin receptors in the HPOA of the rat. 
Materials and Methods
Animals. Sprague-Dawley-derived albino CD rats were purchased from Charles River Breeding Laboratories (Wilmington, MA) or bred in our colony from Charles River stock. The entire medial and periventricular HPOA was dissected from embryos of crown-rump length 15 to 24 mm (El5 to E18. counting the day the vaginal plug was found as day 1) and transplanted onto the vessel-rich pia overlying the superior colliculus of adult hosts as described previously (Stenevi et al., 1976 (Stenevi et al., , 1980 . Fetal sexes were determined in day 17 and 18 embryos by examination of the gonads under a dissecting microscope.
In some cases transplants were made into the anterior chamber of the eye as described elsewhere (Olson and Malmfors, 1970 Estrogen and progestin receptor assays. Estradiol SIlastics were removed 4 weeks following transplantation, and host animals were killed by decapltation 8 weeks after transplantation.
Intact animals used in steroid receptor assays were ovariectomized at least 48 hr before death. Transplants assayed for estrogen or progestln receptors were dissected from the host brain or eye on an ice-cold glass plate. Cytosol estrogen receptors were assayed as described previously (MacLusky et al., 1979b) with minor modifications. In initial studies, two to six transplants from same-sex fetuses were pooled for each assay point using [6,7-3H] 
Results

Levels of cytosol estrogen receptors in transplanted HFOA
Effect of host endocrine status and fetal donor sex. Figure 1 shows the levels of saturable estrogen receptor binding in cytosol of 8-week HPOA transplants taken from El 7-I 8 fetuses. Adult host animals were either intact females, OVX-ADX, or OVX-ADX implanted with estradiol Silastics during the first 4 weeks following transplantation. Estrogen receptor levels in transplant cytosol were not affected by these manipulations of the endocrine status of the host. In some experiments cytosol from transplants of same-sex donors was pooled prior to assay, whereas in others the limited amount of tissue available necessitated mixing cytosol from different sexes. Measurable cytosol estrogen receptors were found in all cases. Although the number of same-sex determinations within each group is insufficient for statistical analysis of treatment by donor sex interactions, no obvious differences between the sexes within the OVX-ADX and intact host groups are apparent. The seemingly greater male level in the OVX-ADX + EP group is due to a single high value, resulting in a large SEM for this group. Average levels of cytosol estrogen receptors are not different in transplants from male versus female donors when values are pooled across host treatment groups (males, 5.29 + 0.87 fmol/mg of protein, n = 10; females, 4.27 rt 0.48, n = 9: Student's t = 1 .17, df = 17, not significant).
Effect of fetal donor age and site of transplantation. In order to determine whether the development of HPOA estrogen receptors might be dependent upon exposure to ovarian steroids prior to El 7-18, a series of transplants using El516 fetuses as donors was made into intact or OVX-ADX hosts. In this case fetal sexes were not determined. As shown in Table I , again there was no difference in levels of cytosol estrogen receptors between transplants grown in the presence or absence of gonadal steroids. However, overall estrogen receptor levels were found to be significantly lower in transplants from El516 fetuses than in those from El 7-I 8 fetuses when expressed on a per milligram total cytosol protein basis (Table  II) . Transplants from El516 donors were generally larger than E17-18 transplants, suggesting that the apparent difference in receptor levels might be due to a greater total protein level in the El516 cytosol pools. Therefore, estrogen receptor concentrations were recalculated on a per transplant basis. As shown in Table II , there is no difference between cytosol estrogen receptor levels from El5 16 versus El 7-18 fetuses when expressed in this manner.
In a few experiments fetal HPOA was transplanted into the anterior chamber of the eye of intact female hosts. Fetal ages ranged from El 7 to E21, and tissue from both sexes was pooled. In all cases measurable levels of cytosol estrogen receptors were observed 8 weeks after transplantation. The mean cytosol estrogen receptor level (6.03 + 1.82 fmol/mg of protein, n = 5) was not statistically different from that of E17-18 transplants grown on the choroidal pia (Table II; Student's t = 0.86, df = 30, not significant).
Characterization
of cytosol estrogen receptors in transplanted HFOA Steroid specificity. Specificity of radiolabeled estradiol binding to transplant cytosol receptors was determined by adding a 300-fold molar excess of unlabeled progesterone, corticosterone, testosterone, or estradiol to the incubation medium. As shown rn Figure 2 , only estradiol was effective in reducing binding, as is characteristic of authentic estrogen receptors.
Scatchard analysis. Equilibrium binding characteristics of transplant cytosol receptors were investigated by varying the concentration of ['251 ]estradiol in the incubation medium. Although the small amount of tissue available severely limited the number of points which could be determined, it was possible to sample four estradiol concentrations from 0.078 to 0.341 nM. Figure 3 shows that the data could be fit reasonably well by linear regression (r = -0.92), giving Transplants onto the choroidal pia were performed and progestin receptor binding was determined as described under "Materials and Methods." Shown are the results of four separate experiments using transplants grown in gonadally intact or ovariectomized-adrenalectomized (OVX-ADX) host females. In one case, transplants from both groups were pooled to obtain sufficient tissue for the assay. Induction of progestin receptors by estradiol benzoate is apparent In each case, indicating that estrogen receptors are functionally mature in 8-week HPOA transplants whether or not the tissue has been previously exposed to gonadal steroids during development. The average induced level of progestin receptor binding is statistically greater than that of controls when data from all four experiments are pooled (t = 2.11, df = 6, p < 0.05; Student's t, onetailed).
an estimated equilibrium dissociation constant of Kd = 0.26 nM and maximum binding of B,, = 7.12 fmol/mg of cytosol protein. 
Estrogenic induction of progestin receptors in transplanted HPOA
Induction of hypothalamic progestin receptors following estrogen treatment is first observed at 2 weeks of age in the rat (MacLusky and McEwen, 1980b) , and this phenomenon has been shown to be mediated by estrogen receptors (Roy et al., 1979) . In order to determine whether the estrogen receptor system in transplanted HPOA is sufficiently mature to exhibit this capability, host animals were given two injections of either 10 pg of estradiol benzoate or sesame oil vehicle 72 and 48 hr before death (8 weeks after transplantation). As shown in Figure 6 , induction of progestin receptors occurred in each of four experiments and was apparent in transplants from both intact and OVX-ADX hosts.
Discussion
These data are consistent with the conclusion that functional estrogen receptors develop in the HPOA independently of the steroid environment. Levels of cytosol receptors in mature HPOA transplants were not altered by growing the tissue under gonadal steroid-free conditions in OVX-ADX hosts from day 15 to 16 of gestation onward. Similarly, continuous exposure to estradiol for the first 4 weeks following transplantation did not affect receptor levels. These findings are consistent with previous studies where no change in limbic estrogen receptors was observed at postnatal day 22 following ovariectomy or testosterone treatment of 3-day-old neonates (MacLusky et al., 1979b) , and with the report that neonatal ovariectomy failed to alter the maturation of uterine estrogen receptors (Clark and Gorski, 1970) . The use of fetal transplantation has made it possible to extend the conclusions based on neonatal treatments to the prenatal steroid environment. Thus, it appears that the marked increase in levels of estrogen receptors in the HPOA following their initial detection between El5 and E21 (MacLusky et al., 1979a; Vito and Fox, 1982) occurs without significant modulation by gonadal steroids. However, our experiments provide no insights into the signals-hormonal or otherwise-which trigger the initial determination that certain neurons will express the steroid receptor phenotype.
The sex of the donor fetus was also found to have no apparent effect on cytosol estrogen receptor levels in the mature transplanted HPOA. This result is consistent with the demonstrated lack of sex differences in estrogen receptor concentrations in the hypothalamus of adult (Korach and Muldoon, 1974), neonatal (Westley and Salaman, 1977) , and E21 fetal rats (MacLusky et al., 1979a) as well as the neonatal mouse (Fox, 1975) . With respect to the lack of effect of both steroids and fetal sex, however, it should be noted that the present results do not preclude alterations in estrogen receptors localized to either single neurons or to small areas of the HPOA.
Estrogen receptors were also measurable in cytosol of transplants grown in the anterior chamber of the eye (Table II) , and levels were comparable to those of transplants onto the choroidal pia. Thus, it does not appear that there are any factors specific to the transplantation site within the mature brain which are required for development of the embryonic estrophilic neurons. This result is consistent with reports of other investigators using both intraocular transplants (Nishizuka and Arai, 1982) and in vitro explant cultures (ToranAllerand et al., 1980) as discussed below.
The saturable binding of estradiol to transplanted HPOA cytosol protein exhibited the steroid specificity and high affinity characteristic of authentic estrogen receptors. In addition, the ability of estrogen treatment to induce progestin receptors in the transplanted HPOA indicates that these estrogen receptors are functionally mature (MacLusky et al., 1980b) . The fact that induction was observed in transplants from both intact female and OVX-ADX hosts reveals that perinatal exposure to gonadal steroids is not required for the development of the estrogen-responsive mechanism of neural progestin receptor induction.
